Two-cell block to development of cultured hamster embryos is caused by phosphate and glucose.
The failure of hamster 2-cell embryos to develop in vitro (2-cell block) was examined with experiments in which concentrations of glucose and phosphate in the culture medium were varied. Embryos were cultured in a protein-free modified Tyrode's solution that normally contains 5.0 mM glucose and 0.35 mM sodium dihydrogen phosphate. In the presence of 0.35 mM phosphate but without glucose, 23% of 2-cell embryos reached the 4-cell stage or further after culture for 1 day and 27% after 2 days. Glucose inhibited embryo development even at 0.1 mM (4% development to greater than or equal to 4-cells after culture for 2 days); there was no dose-related inhibition above this glucose concentration. In a second experiment, phosphate levels were varied in the absence of glucose. Phosphate was highly inhibitory to development, with 97% of 2-cell embryos reaching the 4-cell stage or further after culture for 1 day in the absence of phosphate compared to 9-21% in the presence of 0.1-1.05 mM phosphate. After culture for 2 days, 26% of embryos reached the 8-cell stage or further when phosphate was absent compared to 0% development to 8-cells with 0.1 mM phosphate or higher. In a factorial experiment, phosphate blocked development when glucose was present or absent, whereas glucose did not block embryo development in the absence of phosphate. However, 2-deoxyglucose (a non-metabolizable analogue of glucose) inhibited embryo development in the absence of phosphate. These data show that the in vitro block to development of hamster 2-cell embryos is caused at least in part by glucose and/or phosphate. Deletion of these compounds from the culture medium eliminates the 2-cell block to development in virtually all embryos, and approximately 25-75% of embryos develop to the 8-cell or morula stages in vitro. The observations provide a possible explanation for the 2-cell and 4-cell blocks that occur in conventional culture media: stimulation of glycolysis by glucose and/or phosphate may result in inefficient adenosine triphosphate (ATP) production. The data indicate marked dissimilarities in the regulation of in vitro development of early cleavage stage hamster embryos compared with embryos of inbred mice, since the latter have an inactive glycolytic pathway prior to the 8-cell stage of development and will grow from 1-cell to blastocyst with both phosphate and glucose in the culture medium.